An aerobic, Gram-stain-negative, non-spore-forming, non-flagellated, rod-shaped or filamentous bacterial strain, T16R-86 T ,
The genus Chitinophaga was first proposed for strains isolated from freshwater, soil water and litter by Sangkhobol and Skerman [1] . Later, the genus was designated as the type genus of the family Chitinophagaceae [2] . The genus includes the type species, Chitinophaga pinensis, and, at the time of writing, 24 other species including the recently described Chitinophaga dinghuensis [3] , C. barathri [4] , C. longshanensis [5] and C. qingshengii [6] . The genus Chitinophaga is aerobic, Gram-negative, non-spore-forming, rod-shaped and oxidasevariable. It contains MK-7 as the major menaquinone, iso-C 15 : 0 , iso-C 17 : 0 3-OH and C 16 : 1 !5c as the main fatty acid components, and phosphatidylethanolamine and unknown aminolipids as the predominant polar lipids [3, 4, 7, 8] . These species were isolated from habitats such as soil, rhizosphere, rhizoplane, rock, faeces of the millipede Arthrosphaera magna, wood of Pinus pinaster, root of Cymbidium goeringii and vermicompost.
A tomato plant was collected from a farm on Buyeo-gun, Chungcheongnam-do, South Korea (36 17¢ 36.25¢ N 126 55¢ 54.25¢ E). To study the bacterial population in rhizosphere of the tomato plant, rhizosphere soil was serially diluted with sterilized water and plated on R2A medium (BD). The plates were incubated at 28 C for 5 days and single colonies were purified by transferring onto new plates. Among them, strain T16R-86
T was isolated and preserved at À80 C in R2A broth supplemented with 15 % (v/v) glycerol.
Extraction of the genomic DNA was achieved using a commercial genomic DNA extraction kit (Solgent). To amplify the 16S rRNA gene of strain T16R-86 T , the universal primers 8F and 1512R were used [9] . PCR products were sequenced using primers 27F (5¢-GAGTTTGATCCTGGCTCAG-3¢), 1492R (5¢-GGTTACCTTGTTACGACTT-3¢) [10] , 518R (5¢-GTAT-TACCGCGGCTGCTGG-3¢) and 785F (5¢-GGATTAGA-TACCCTGGTA-3¢) by Genotech. The length of the sequence obtained was 1471 bp. The sequence was subjected to EzBioCloud (http://www.ezbiocloud.net/) [11] sequence similarity searches and NCBI (http://www.ncbi.nlm.nih.gov) BLAST searches, and the closely related species were identified. The 16S rRNA gene sequence of strain T16R-86 T and those of closely related species retrieved from EzBioCloud or NCBI were aligned using the SILVA Incremental Aligner [12] . The program MEGA version 6 [13] was applied for phylogenetic tree reconstruction, and the neighbour-joining [14] , maximum-likelihood [15] and maximum-parsimony [16] algorithms were used with 1000 bootstrap iterations. Strain T16R-86 T showed the highest sequence similarities to 
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Chitinophaga niabensis JS13-10 T (EU714259)
Chitinophaga rhizosphaerae T16R-86 T (KX417377) determined by using the Gram staining kit (Difco) according to the manufacturer's instructions. Catalase was tested through bubble production in 3 % (v/v) hydrogen peroxide solution and oxidase activity tested by a colour change in 1 % (w/v) tetramethyl-p-phenylenediamine (bioM erieux). Temperature for growth was tested on R2A agar medium at 4, 10, 15, 20, 25, 28, 30, 33, 35, 37, 40 and 45 C. The pH for growth (4.0-11.0, in intervals of 1.0 pH unit) was tested in R2A broth, and the pH was adjusted with citrate/phosphate buffer (pH 4.0-7.0), Tris/hydrochloride buffer (pH 8.0-9.0) and carbonate/bicarbonate buffer (pH 10.0-11.0). Salt tolerance was tested in R2A broth supplemented with 0-5 % (w/v) NaCl (at 1 % intervals). Hydrolysis of casein, chitin, CM-cellulose, hypoxanthine, starch, Tween 80, tyrosine and xanthine was determined using R2A agar medium supplemented with the following substrates: casein (1 %, w/v), chitin (1 %, w/v), CM-cellulose (1 %, w/v), hypoxanthine (0.5 %, w/v), starch (1 %, w/v), Tween 80 (1 %, w/v), tyrosine (0.1 %, w/v) or xanthine (0.5 %, w/v). The DNase test was conducted on DNase test agar (Difco). Enzyme activity, assimilation of carbon sources and other physiological properties were determined by using API ZYM, API 32GN and API 20NE kits, respectively, according to the manufacturer's instructions (bioM erieux).
Strain T16R-86
T was an aerobic, Gram-stain-negative, nonspore-forming, non-flagellated bacterium (Fig. S1 , available in the online Supplementary Material). Its cell shape was observed in two forms, rod-shaped (0.5-0.6 µm in width and 1.2-3.0 µm in length) and filamentous (0.3 µm in width and up to 20 µm in length) after incubation for 2 days on R2A agar medium at 28 C. According to phenotypic comparisons between strain T16R-86
T and closely related species, strain T16R-86
T can be differentiated from other species on the basis of growth condition such as temperature and pH, NaCl tolerance, catalase, oxidase, substrate hydrolysis, assimilation of carbon sources and enzyme activities. A detailed phenotypic comparison between strain T16R-86 T and closely related species is given in Table 1 .
For fatty acid analysis, strain T16R-86 T and the related type strains were grown on R2A medium at 28 C for 2 days, where they reached the exponential growth phase. The fatty acids were extracted, methylated and separated by GC (6890; Hewlett Packard) according to the protocol of MIDI (Sherlock Microbial Identification System, version 5.0), and identified by comparing with the TSBA 50 database of the Microbial Identification System [17] . Menaquinones and polar lipids were extracted and analysed according to the methods of Minnikin et al. [18] . Polar lipids were separated T . +, Positive; À, negative. All data are from the present study, except where indicated. 
Assimilation of:
Enzymatic actitivity of: using two-dimensional TLC on silica gel G 60 plates (Merck), and total polar lipids were revealed by spraying with the specific reagents: total lipids with molybdophosphoric acid, amino-group-containing lipids with ninhydrin, phosphoruscontaining lipids with molybdenum blue, sugar-containing lipids with a-naphthol and quaternary-nitrogen-containing lipids with Dragendorff's solution. Polyamines were analysed by HPLC (Shimadzu Nexera X2), with the chromatograph equipped with a fluorescence detector (Shimadzu RF-20A) and reversed-phase column (Phenomenex Gemini C18 column) [19, 20] . The G+C content of the DNA was determined by the fluorometric method [21] using SYBR Green 1 and a real-time PCR thermocycler (Bio-Rad).
Strain T16R-86 T contained iso-C 15 : 0 (37.9 %), C 16 : 1 !5c (20.5 %) and iso-C 17 : 0 3-OH (18.9 %) as the major fatty acids, and iso-C 15 : 0 3-OH (4.9 %), C 16 : 0 (3.6 %), summed feature 3 (including iso-C 15 : 0 2-OH and/or C 16 : 1 !7c; 2.7 %), iso-C 16 : 0 (1.9 %), C 16 : 1 !11c (1.8 %), unknown ECL 16.582 (1.4 %), C 17 : 0 3-OH (1.2 %) and C 17 : 0 2-OH (1.0 %) as the minor fatty acids ( Table 2 ). The major fatty acids of strain T16R-86
T were similar to those of the closely related Chitinophaga species, but minor qualitative and quantitative differences in the fatty acids of strain T16R-86
T and the closely related species were also observed ( Table 2 ). The isoprenoid quinone was MK-7, which was consistent with that of the genus Chitinophaga [4, 8, 22] . The polar lipids of strain T16R-86 T were phosphatidylethanolamine, five unknown aminolipids, an unknown aminophospholipid, an unknown phospholipid and two unknown lipids (Fig. S2 ).
All members of the genus Chitinophaga contained in common phosphatidylethanolamine, but the presence of the unknown aminophospholipids, unknown aminolipids and/ or unknown lipids was variable depending on the species [3, 4, 23, 24] . Strain T16R-86 T also shared phosphatidylethanolamine and unknown polar lipids (AL1 and AL2 in Fig.  S2 ) present in the other Chitinophaga species, but also contained one unknown phospholipid (PL in Fig. S2 ) that the other Chitinophaga species lacked (Fig. S2) . The polyamine pattern was composed of the major amine homospermidine [3.9 mol (g dry weight)
À1
] and a small amount of spermidine [0.2 µmol (g dry weight)
À1 ]. This major polyamine is in agreement with that of other Chitinophaga species [24, 25] . The DNA G+C content of strain T16R-86
T was 53.6 mol%.
In summary, strain T16R-86 T fell phylogenetically within the range of the genus Chitinophaga, and shared some of the morphological, biochemical and chemotaxonomic properties shown in other species of the genus Chitinophaga. However, on the basis of the phylogenetic distances between strain T16R-86
T and other species of the genus Chitinophaga, and some unique phenotypic properties, strain T16R-86
T should be assigned to the genus Chitinophaga as a representative of a novel species, for which the name Chitinophaga rhizosphaerae sp. nov. is proposed.
DESCRIPTION OF CHITINOPHAGA RHIZOSPHAERAE SP. NOV.
Chitinophaga rhizosphaerae (rhi.zo.sphae¢rae. Gr. n. rhiza root; L. n. sphaera ball, sphere; N.L. gen. n. rhizosphaerae of the rhizosphere, pertaining to the soil from which the type strain was isolated).
Cells are aerobic, Gram-stain-negative, non-flagellated, and rod-shaped (0.5-0.6Â1.2-3.0 µm) or filamentous (0.3Â 20 µm). Colonies are yellow and irregular. Grows at the temperature range of 10-37 C (optimum, 28 C) and pH range of 6.0-9.0 (optimum, pH 7.0). Tolerates up to 2 % (w/v) NaCl. Catalase-and oxidase-positive. Negative for nitrate reduction, indole production, glucose fermentation and arginine dihydrolase. Hydrolyses aesculin, casein, CMcellulose and gelatin, but not chitin, DNA, hypoxanthine, starch, Tween 80, tyrosine, urea or xanthine. Assimilates Dglucose, D-mannose, N-acetylglucosamine, maltose, D-ribose, sucrose, L-serine, salicin, melibiose and L-histidine, but not Larabinose, D-mannitol, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate, phenylacetic acid, Lrhamnose, inositol, itaconic acid, suberic acid, sodium malonate, sodium acetate, lactic acid, L-alanine, potassium 5-ketogluconate, glycogen, 3-hydroxybenzoic acid, L-fucose, Dsorbitol, propionic acid, valeric acid, potassium 2-ketogluconate, 3-hydroxybutyric acid, 4-hydroxybenzoic acid or L-proline. In the API ZYM system, shows activity of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a- galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase and a-fucosidase, but not of lipase (C14), a-chymotrypsin, b-glucuronidase or a-mannosidase. The major fatty acids are iso-C 15 : 0 , C 16 : 1 !5c and iso-C 17 : 0 3-OH. The predominant respiratory quinone is MK-7. The polar lipids are phosphatidylethanolamine, five unknown aminolipids, one unknown aminophospholipid, one unknown phospholipid and two unknown lipids. The major polyamine is homospermidine.
The type strain, T16R-86 T (=KACC 18790 T =JCM 31600 T ), was isolated from the rhizosphere of a tomato plant collected at a farm on Buyeo-gun, Chungcheongnam-do, South Korea. The DNA G+C content of the type strain is 53.6 mol%.
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